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NATIONAL AERONAUTICS AND SPACE ADMINT STRATTON

LANGLEY WORKING PAPER NO. 20

SONIC~BOOM EXPOSURES DURING OKLAHOMA CITY COMMUNITY RESPONSE STUDT &S

FOR THE PERIOD FEBRUARY THROUGH MAY 1964

By David A. Hilton, Vera Huckel, Roy Stéiner,
and Domenic J. Maglieri

INTRODUCTION

The effects of sonic booms are an important consideration in the over-
land operation of supersonic aireraft. Of particular significance in the
operation of proposed supersonic transports is the reaction of communities to
sonic-boom exposures from repeated flights. Only a limited amount of informe-
tion relative to this repeated exposure problem is available. This has led to
the Oklahoma City experiments sponsored by the Federal Aviation Agency and
participated in by other agencies and organizations, the NASA being respcnsible
for the measurement of sonic boom exposures in the test area. The material of
this paper is thus primarily concerned with these latter measurements. In
addition to describing the sonic-boom exposure of the community, the date
11llustrate some of the effects of the atmosphere during sonic-boom propagation.

In previous experiments, some variations of wave shape and overpressure
values were found to exist and were aseribed to atmospheric effects
(see rer. 1). These effects were noted to be related to conditiong of th-
atmosphere near the earth's surface. Such results were obtained during &
rather limited series of studies both in terms of number of flights and time
duration of the program. The Oklahoms City experiments have provided the
opportunity to evaluate possible effects on the sonic-boom signatures of <he
atmosphere and weather for an extended period of time and for a relatively
large number of flights.

The purpose of this paper is to document the sonic-boom Pressure exposures
during the above experiments and, in particular, at three measuring stations
for about 800 flights in the time period February 3, 1964 to June 1, 196k
Data are tabulated for each flight so that they may be correlated with
information generated by other organizations participating in this program.
Included are analyses of some specific sets of data such as categorizatiors of
waveforms and statistical breakdowns of overpressures and positive impulses.
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AFPARATUS AND METHODS
Test Conditions

Test flights for which data ~re presented were made in the Greater
Oklahoma City area along the track indicated in figure 1. This general ares
has an elevation of about 1,700 feet above sea level and includes a population
of about 750,000 people in its urban, suburban, and rural regions. Several
Ilights per day were made starting in February 1964. The data of this paper
are from those flights accomplished up tc June 1, 196k4. The program is
scheduled to continue through the month of July, and hence the additional data
reswlts will be reported subsequently.

-

Test Airplanes

Photographs of the airplanes of the types used in these tests are shown in
figure . Alvrplane A has an overall length of 54.5 feet and a gross weight
varying from 14,000 to 19,00C pounds. Airplane B has an overall length of
T4 I'met and a gross weight varying from 34,000 to 45,000 pounds. Airplane C
has an overall length of 95.8 feet and a gross weight varying from 100,000 to
116,000 pounds. Aircraft of these types have been used in other sonic-boom
Ilight test programs and details such as ares distributions, fineness ratios,
and shape factors are given in references 1 and 2. The airplanes were
maintained and operated by U. 5. Air Force parsonnel.

Aircraft Operations and Positioning

The aircraft were operated in the altitude range 21,000 to 50,000 feet and
the Mach number range 1.4 to 2.0. The airplanes in all cases were positioned
over the test area and along the prescribed ground track (see fig. 1) by means
of ground=-control procedures with the aid of radar tracking. The ground
controller was located in Fort Worth, Texas, and the radar antenna was located
within the Oklahoma City area (see fig. 1). The majority of the flights were
made on a heading of OW9° magnetic. On Februery 19 and 29 the flights were
made on a heading of 229° magnetic: on April 28 the heading for flights 1
through b4 was 310° magnetic, and flights 5 through 8 were on 130° magnetic; on
April 29 flights 1 through 4 were made on a heading of 170° magnetic and
Ilights 5 through 8 on 350° magnetic. Flights on March 7 were conducted on the
0L9° magnetic hending, but the airplane was displaced 8 miles to the north of
the original track. Radar rlotting-board overlays were cbtained Tor all
Tlights, and the data were used to provide information on aircraft plan posi-
tion and ground velocity. Altitude was cbtalned from a GCI station located in
Oklshoma City. All altitude values listed in the data tables are with reference
to mean sea level.

N2
.
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Each sircraft was directed on the flight track such that the desired Mach
number and altitude conditions were reached when the aircraft was in the vicinity
of Minco and were maintained to the general vicinity of Arcadia. When the above
procedures were used, the sonic booms cobserved at the measuring stations indi-
cated in figure 1 were associated with steady-level flight conditions of the
aircraft. In some cases the acceleration portion was extended beyond the ooimt
shown in Tigure 1 to permit two passes to be made during one flight. For some
of these latter flights, acceleration effects (see ref. 3) were noted to exist
in the Oklshoma City test area.

Atmospheric Soundings

Rawinsonde observations from the U. S. Air Force weather facility located
at Will Rogers Field (see fig. 1) were teken within 1 hour of the times of all
of the supersonic flights. Measured values of temperature and pressure, &long
with the calculated speed-of-sound and humidity values and wind velocity and
direction values, were provided up to at least the airplane test altitude.

In addition to the 4 Rawinsonde observations which were obtalned during
ecach day, surface measurements of temperatures, winds, etc. were obtained alongz
with information relayed by the pilots during their ascent to altitude and
during the actual supersonic run. The type of information cbtained from the
pilots included indications of turbulence. cloud cover, and precipitation.

Pressure Instrumentation

The main components of the measurement systems used for sonic-boom
pressures are the same as for reference 1. Each channel of the system as used
in the experiments consisted of a specially-modified microphone, tuning urit,
DC amplifier, and oscillograph recorder. The usable frequency range was ir
0.1 to 5,000 cps, and this applies to all of the date presented herein. The
microphones have a dynamic range from sbout 7O to about 150 db. They were
field-calibrated statically before each test by means of a pressure bellows and
a sensitive mancmeter. Prior to field installation, frequency response cirves
were obtained for all microphones.

Sonic boom pressure measurements were made both inside and outside &ll 3
test buildings. FRach outside microphone was shock mounted at ground level in
the surface of a plywood reflecting board, as shown in figure 9 of refererce 1.
Wind scrcens designed so as not to affect the pressure measurements were used
at all times. When making measurements during precipitation, a thin plastic
cover was draped loosely over the wind screens.

For the inside measurements, each microphone was shock mounted at approxi-
mately 5 feet from the floor level near the center of the room. The above
setups were used to make inside and outside measurements at each of the 3
measuring stations noted in figure 1.
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In order to ocbtain information on the scale and correlation of ground
overpressure fluctuations, a special multiple array of microphones was used for
simultaneous measurements at selected locations. Simultaneous recordings from
each of 5 microphones were made for several flights for microphone separation
distances from 50 to 200 feet in straight lines parallel to and perpendicular
to the flight track of the aircraft. These data were taken in open areas at
locations near the ground track and also at lateral distances of sbout 8 miles
Lo either side of it.

RESULTS AND DISCUSSION
Wave Shapes

The type of experimental data obtained in the measurements of the present
studies is illustrated in flgure 3, which shows sample outside and inside sonic-
boom pressure signatures. The outside pressure signature is of the N-wave type,
whereas the inside pressure signature has the general appearance of a damped
sine wave. The peak overpressure values in either case are defined as the
maximum positive deviation from local atmospheric pressure, as indicated in the
figure.

From a study of the data obtained, it was found that the outside pressure
traces varied markedly in character such that it was useful to categorize them
as indicated in figure 4. The characteristic wave shapes are presented on the
left=hand side of the figure, with word descriptions on the right-hand side.
In cases where wave shapes did not fall naturally into one of the categories
illustrated, a two=letter designation was assigned. For instance, a type "NP"
was judged to be intermediate between type "N" and type "P". Also shown on
the figure are definitions of such quantities as positive impulse Io and the

duration of the positive phase of the wave Aty , which are listed in the main
data tables along with peak overpressure and wave shape categories.

Tabulations of Data

The measured data as determined from time-history records such as those
of figures 3 and 4 are listed in tables I through XIV. The data in each table
are listed chronologically for each aircraft and altitude combination. In
addition to the soniec-boom signature data for the 3 measurement stations, some
associated weather and aircraft operating condition information is included.
Where there are no entries in the tabie. either the data do not exist or could
not be properly interpreted. Symbols, definitions, and units applicable to the
information of tables T through XIV are included in tsble Xv.

For convenience of the reader, table XVI has been Prepared to include the
number of data records at each measuring station for various flight conditions,
along with the number of the appropriate table (see T through XIV) in which the

I,
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data are included. It is cbvious from an inspection of table XVI that a mueh
larger number of I'lights was conducted for some test conditions than for othore,
and thus these results may be of greater statistical significance.

Variations for a Series of Flights

Some of the data of tebles T through XIV, for which a large number of duate
points are available, have been studied in detail to determine the manner ir
which the peak overpressure and impulse values vary. The results of these
studies are included in figures 5 through 7. 1In these figures the dats have
been plotted as relative cumulative frequency distributions and thus, on the
ordinate scales, give the probability of equaling or exceeding the given velues
of the abscissae.

The data of figure 5 1llustrate the variation of the peak overpressures
Tor altitudes of 28,000, 30,000, and 32,000 feet for airplene A at a Mech purbar
of 1.5 for measuring stations 1, 3, and 4. The data have been plotted on senri~
log paper to emphasize the variations or differences between the higher wvalues
of the distributions. Curves have been faired through the data points as an aid
in interpreting the data. As an example, in figure 5(a) for station 1 it oan se
seen that for the 08,000-foct altitude condition, there is a probebility of
equaling or exceeding an overpressure value of 1.6 lbs/sq 't approximately 9%
of the time. It can be seen that as altitude increases, the probability of
exceeding a certain value of overpressure decreases.

It is believed that if the aircraft speed and altitude were held assolata v

constant and there were no effects of the atmosphere, the overpressure values
would be equal for all flights. It can be seen that the overpressure values
from one flight to another are not constant, but rather vary in emplituie ove-
a considerable range. These variations may be due to such factors as emall
variations in aireraft flight conditions, small varietions due to measu-ing
technique and instrument accuracies, and variations due to the weather. TFor
the data illustrated, the weather effects are Judged to be dominant.

Similar data are presented in figures 5(b) and 5(c) for measuring stat:one
3 and L, respectively. Although the probability values are somewhat di~ferer
than those of Tigure 5(a), the same general trends of the data are evident.

In figure 6(a) the date for the 32,000-foot condition of figure 5 are
plotted for comparison of the measurements at the 3 measuring stations. It car
be noted that the pressure exposures are very similar at stations 1 and 3 ar¢
are generally less severe at station 4. This was the general pattern o1 the
data. During the experiments at 28,000 feet, however, as may be noted in
figure 6(b), the faired curves for the data of stations 3 and 4 have a ¢ifferent
shape and higher overpressures were experienced than at station 1. These
differences in shape were noted to be associated with the data at the lztersl
stations for which the ray paths were longer for a given flight conditicn. It
1s not known whether the above changes in shape are due to sampling veariaticns.
a longer ray path in the presence of turbulence, a shifting of the exposure
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pattern because of crosswinds (see ref. 4), or some combination of these
phenomena.

In figures 5 and 6 the relative cumulative frequency distributions have
teen plotted on semi~log paper with curves falred through the higher values of
overpressure. This manner of plotting is not intended to imply the type of
distribution which would best describe the data. Although a log-normal distri-
bution may be suggested from a theoreticel consideration, no one type of
distribution has given a satisfactory fit for these data over the entire range
of the data.

The positive impulse functions heve been determined for the experiments of
figure 5 and are presented in figure 7. Seml~log plots are presented, and the
data are coded in the same way as for figure 5. The variations are noted to be
similar in nature to those of the overpressures illustrated in figure 5. The
variation from the mean value, however, is markedly less than for the over-
pressures.

The data of table XVII are included as a brief summary of the overpressure
and positive impulse results of the above studies for the groups of data of
tables I through XIV having the highest number of data points. 1Included in the
table are the median values (50% probability) and the values at 1% probebility
lI'or each of the 3 measuring stations. Also included in the table for coémparl-~
son are nominal values calculated by the method of reference 5 for conditions
of a standard atmosphere with zero wind. One of the most obvious results which
is illustrated by the data of the table is that the median values are generally
lower than the calculated nominal values. This trend may be expected based on
cnergy conservation considerations (see ref. 6).

Variations for a Given Flight

The date presented in tables T through XIV and in figures 5 through 7
indicate the type of variations of the pressure exposures at discrete measuring
points over a period of time during which atmospheric changes occurred. In
order to provide some information relative to the variations occurring in
specific areas on the ground as & result of a single flight, experiments were
performed with a special microphone array in which the individual microphones
were accurgtely spaced and oriented relative to the flight track. Sample data
obtained in this manner are presented in figures 8 and 9.

The date of figure 8 represent an overall calibration of the individual
microphones in the array. They were placed within a few inches of each other
for one of the flights in order to check for repeatability and to determine the
amount of variation inherent in the field use of these instruments. Tracings
were made of the pressure~time history records, and these are presented in the
PMigure. Tt is obvious that the wave shapes are nearly identical, and this
would be expected because the systems are closely matched in frequency response
and are closely grouped to minimize atmospheric effects. As illustrated in the
{igure, the variastion in the results from the average value which may be
ascribed to instrument differences and celibration and reading errors is noted

.
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to be less than about + 5.

For this experiment the sensitive diaphragm element of the microghone was
located asbout & inches above and parallel to the reflecting surface, znd this
thus accounts for the small steps in the steeply rising portions of thke waves
at both the initial and final compressions. The same microphone positioning
scheme was used to cbtain the data of figure 9.

In figure 9 are presented tracings of the measured waveforms Irom the shove
accurately=-calibrated and oriented array of matched microphones. There date
illustrate the variations of waveforms obtained for given flights for whieh ta-=
alrcraft operating conditions are essentially constant. The waveforms are rrz-
sented in the proper time sequence and are directly comparsble in amplitude.

All data of the Tigure were recorded Tor microphone separation distences cf

200 feet. Data are presented for flights at times 2 hours apart on the same
day. It can be seen that a wide variation in wave shape occurred ever over a
distance on the ground of a few hundred feet, and that the variations were
different for the 2 flichts. The widest variation ocecurred for the deta of
figure 9(a), wherc a dei'inite progression was noted from a highly pealed wave

of relatively larpe overpressure at the first measuring point to a raanded-ciff
wave of relatively low overpressure. The data of figure 9(b) also sugsmest s
definite progression of events. A study of a gerles of recordings swh as thzse
and others of a similar nature taken during the experiments suggests & rising
and Talling of the peal: overpressure values along with corresponding wave snhao:
changes as a function ol distance along the ground. The peak overpressure val e
rises and Talls as a function of distance in much the same¢ manner as the surva:e
level of the ocean in the presence of waves. Although not shown in the Tigur:z.
significant differences in wave shape were measured at separation distances as
small as 50 feet. Such variations as these, which have also becn cbserved cn
other occasions (sce ref. 1), are believed to result from temperature: and
velocity anamolies in the atmosphere, particularly the lower layers. @ The fsct
that the measured median values of table XVII are generally lower thar the
calculated values for a standard atmosphere is believed to result directly fron
the scattering effects of the atmosphere.

Lateral-Spread Patterns

In ovder to summarize the results pertaining to the lateral-spresd
patterns in the lost arca, the comparable pressure data are plotted in figure
10 as a function of distance from the ground track oi the aircraft. Lata are
included for O flirhts during a particular day and include measurcments mais 1
3 permancnt measwrcement stations and with the use of a mobile recordins statioamn
at an S-mile distance on the rpvosite side of the track. For each of the
permanent recording stations, 1 data polnt was obtained for each flight, wazre:as
5 data points were recorded for each flight at the mobile recording station.
There is noted to be some scatter in the overpressure values at all measuriig
stations. The most scatter and the highest overpressures ocecur st stetion 3
for this particular doy's operations. From an inspection of similar 8ata f[or
other days of operation, it was noted that the largest scatter and highest
overpressures do not always occur at station 3, but also might occur et any o’
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the other stations. Also shown on the figure is a caleculated curve of nominal
overpressure values for these flight conditions, along with the calculated cute
off points for atmospheric refraction assuming a zero wind condition (see ref.
7). For the date shown in the figure, there was a prevailing wind generally
“rom left to right (northwest to southeast). Such a wind occurred on the
majority of the days of operation. There is a possibility of a shifting of the
whole pressure pattern, generally to the right, for such wind conditions. Such
1 shift of the pressure pattern is jJudged to have occurred on some occasions
when waveforms of type ¢ (see fig. 4) were measured at the upwind measuring
station. Such waveforms are consistently measured near the edge of the pressure
pattern. Another result which suggests some shifting of the pressure pattern is
the Tact that in many cases, as for instance those of figure 10, measured over=-
oressures at station 3 were as high as or higher than those at station 1.

Correlation Between Inside and Outside Measurements

The measured data have been analyzed for the purpose of establishing some
correlation. if possible, between the inside measurements and the outside
measurements. There is reason to believe that the inside microphone may give
an indication of the overall dynamic response of the building since it integrates
all of the pressure fluctuations in its vicinity due to motions of the building
components. Such a measurement might, therefore, be significant with regard to
Judgements of acceptability by indoor observers. One of the findings of the
nbove studies is illustrated in figure 11. In the upper part of the figure are
shown 2 markedly different waveforms as measured for airplane A at the outside
microphone measuring location of station 1. Even though the overpressure values
and the associated wave shapes differ, the wavelengths are nearly the same. The
bottom traces are the corresponding pressure=-time histories measured st the in-
side microphone location of the test house. The most obvious result is that the
inside pressure traces are very nearly identical desplte the marked differences
in the outside pressure traces.

The results of figure 11, of course, apply %o a particular aircraft.
Different results are obtained, as illustrated in figure 12, for different
alreraft. TIn the top part of the figure are the outside pressure traces for
aircraft A and C, and in the lower part of the figure are the corresponding
inside pressure traces. Although the outside pressure traces differ in some
detail, the major difference is in the wavelength. The inside pressure traces
are seen to differ markedly in character, the trace with the fluctuations of
lower Irequency being associated with the outside wave of longer duration or
wavelength.

The above results suggest that the peak pressure alone is not the dcominant
factor in building response, but that & cambination of peak pressure and time
duration (impulse) may be important. Figure 13 contains a presentation of the
comparable inside and outside measurements to illustrate a possible correlation
of' these data. Inside peak overpressures are plotted as a function of positive
impulse values as determined from outside pressure measurements and as listed
in tables T through XIV. The large number of deta points for aircraft A are
represented by the hatched area, whereas the relatively few data for aircraft B

i
e
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are shown as circles. The inside pressure values are noted to increase gene -
ally as the outside impulse values increase, and thus are higher for the lariger
aircraft.

CONCLUDING REMARKS

The material of this paper includes interim tabulstions and analyses of
the sonic-boom pressure data measured in the Oklshoma City community respons:
experiments. The results were characterized by variations in bath the peak
overpressures and the impulse functions of the sonic-boom signatures due to che
effects of the atmosphere. The median values of the measurements are igeneralll
lower than those predicted based on a standerd atmosphere. It has not been
determined at this time what type of statisticael distribution describes thes:
phenomens..

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., July 1, 196L.
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Table [l.- Summary Of Sonic Boom Data For Various Flights Of Airplane A For An
Altitude Range Of 33,000 To 35,000 Feet
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Table VIII.- Summary Of Sonic Boom Data For Various Flights 0f Airplane A Faor An
Altitude Range Of 26,000 To 27,000 Feet
OPERATING CONDITIONS WEATHER SONIC BOOM PRESSURE SIGNATURE DATA
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Table IX.- Summary Of Sonic Boom Data For Various Flights Of Airplane A

For An Altitude Of 24,000 Feet
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Table X.- Summary Of Sonic Boom Data For Various Flights Of Airplane A For An
Altitude Range Of 21,000 To 23,000 Feet
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Table XI.- Summary Of Sonic Boom Data For Various Flights Of Airplane B
For An Altitude Of 46,000 Feet
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Table Xil.- Summary Of Sonic Boom Data For Various Flights Of Airplane B

For An Altitude Of 44,000 Feet
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Table XI1.- Concluded.

OFERATING CONDFTIONS WEATHER SONIC BOOM PRESSURE SIGNATURE DATA
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Table XII1.~ Summary of Sonic Boom Data For Various Flights Of Airplane B For An
Altitude Range of 33,000 To 42,000 Feet
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Table XIV.- Summary Of Sonic Boom Data For Various Flights Of Airplane C
, For An Altitude Of 49,900 Feet
OPERATING CONDITIONS WEATHER SONIC BOOM PRESSURE SIGNATURE DATA
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TABL%%@?%%{%&%% P RO STATTOR SR 2
v ONDITIO}WS OF EACH TYPE ATRPLANE
TABLE A\RPLAME‘ ALTITUOE, | MAGH TOTAL NUMBER oF DATA RECORDS
| NUMBER TYPE | FEET | NUMBER IcoraTion L [STATIONZ | STATION 3
I A | 41,000 | 2.0 3 3 3
‘ | 38,000 .5 a 9 8
: ‘ i 27,600 | \ |
g ; | 37,800 | - -—
! | >7,e00 6 4 s
: ! ; 36,000 ‘ 1o 9 o
uil ‘ : 35,000 2.0 t { \
| f l 7 | i )
| 1.5 26 26 25
34,000 1.8 | | 1
33,000 L7 { | 0
! { LS 2 2 2
; T | 32,000 L8 3 3 3
: Y ,f | 1.5 103 101 106
s 31,000 ¢ 17 17 (7
A 30,000 1.8 2 2 |
' l 1.7 76 78 74
1.5 ) 70
: VS 29,000 LB V \ f-g
I 17 77 26 25
Y 1.5 29 29 26
: .55 \ ! '
v 28,000 1.7 34 33 24
v 1.5 168 169 155
VI 27,000 1.7 5 5 5
| 15 8 8 8
; .3 5 4 4
; 26,000 1.5 2 2 2
X 24,000 W X Y
| l 1.4 8 8 7
+ 1% i \ I
X 23,000 16 , , |
: 15 2 2 |
. i l 14 2 4 4
| 13 1 5 13
* ' 21,000 I8 3 3 3
‘ t L4 3 3 3
XL B - 46,000 1.5 2\ 21 21
v | } 1.4 7 8 8
£ X1L ‘ 44,000 1.5 57 =58 58
X 42,000 i = 2 3
i + '-4’ 4 4. =
? ’ 40,000 | 3 3 2
; 4 328,000 13 I3 '3
; 34,000 3 32 3
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(DATA ARE FOR ATRPLANE "A" AND FOR THOSE CONILTIONS WHERE A LARGE NUMBER OF DATA POINTS EXIST)
l sTATION 1 sTATION 3 sTATION 4
AIRPLANE i ALTITUDE | MACH OUTSIDE 03\1;9’25—55025 ;TSIDE.];“\;ME Pon;n.fi ou;:;i;é;;;-s:c;aw‘ ;umue IMPOLSE  FOSITIOE g\)fs(m; CUERPRE Sf.'J‘E. ;v;me IMPULZE BrinT JE
TYPE ‘ FEET NO. Ap, LB/sp FT . JZ.,‘m , LR-SEC/SQFT AR, , LB/SOFT _Ium , LB-SEC/S9FT Dp, , L8/39FT ... - LB-SEC/sG FT
f {MaL) CAavC. | MEDIAN MGDifN caLc. MEDIAN| MEDIAN | @ALL. MEPIALL  MEDIAN -‘cm,c” 7;\';}15;":&;@” uu.c, A‘ Mgmw1 MEDHRH | CALE. ! MODHAN | MEDIE )
! . nomaL | & 50% [@ 1% [nomwar| @ 56% | @ (o |NomwAL @50% 3 1% wmmwan (@50% (@ 1'% |nemunr | @S0% | @ 1% | nomwAL @ 50% | & 1 %
i ' i |
L A 28,000 15 159 12 202 | 0.03712|0.0245 {0035} 123 (.24 . 2.72 0.03U  0.0Z55 00385| 0.88 | 0.80 | 2.28 !0.0228 060165 lopaoo |
i o i ! o
! t | [ ! .
A 30,000 | L5 145 L 104 | 118 | .0347| 0240 | 0350} 115 120 — | .0300 | ,02501 .0380 | 0.6> | 0.80 228 i.oz19 0170 .c3lC
| i ; | : i | i
A 32,000 | 1.5 131 ‘ .08 | 1.87 | .o0322 .ozao| 0315 1.06 | 1.04 ; Z2.00 | o280|.02351 .035{ 0.78 ; o714 | [-4% {.0z08 0175 0260 |
- A | i I I ! ! o nE A4 v . i +
: ——— [ — ; — : I - .
H ] i ! H [ '
A 30,000 V7 | 153 l 0.90 | 210 | .0357| .0235 i.osno .22 | 6.94 ‘ 2.36 1 0390 0245 0345! 087 10.52 , 1:57 |.o241 0175 _C‘Z.(n-}
: i i L ! ; j .
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